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Dclξ = {(x1, x2) : 0 < x2 <
ξf(x1/ξ)}   


















γ0 = {x2 = 0} ¤£ γξ =
{(x1, ξf(x1/ξ)), x1 ∈ R} » O U ¸g ¢¡Q¸ï6®¯ ¢¡Q®  ¤Z¤¯¸g£n¦¨¤Z¬¤°!¾,6¤¯¸ TVU ®¯¤ D− = {x2 < 0} » O ¤m°!¾¿¦¿¾¨¤¡v¤Î$£g­ W ¾¨¤¡ W ¤¯¸£
D
+




























































































































µY (y) = µB1 B(y) + µ1 Y \B(y), εY (y) = εB1 B(y) + ε1 Y \B(y),
 













































(x) + εY (x/ξ)1 D− (x),
 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































∇yχ(y) = ∇y · 1
µY (y)




















































(I−∇χ(y)) dy, ε∗ = 1|Y |
∫
Y










































































































































































































































































































































{x2 > ξf(x1/ξ)} ¤£¸¡ W ¦¨¤¬¤°!¾,6¤¯¸ TVU ®¯¤¾¿¥)ä­ W ¾¨¤¡ W D− = {x2 < 0} » \Z ¢£g ¢¥Q¸ﬃ¦¨¤d¬¤°!¾,6¤¯¸ TVU ®¯¤!¸g¡ T ­ W ¾¨¤¡ W












































































































uξ(x) = u0(x) + u
cl,ξ

























































































































Y = Y+ ∪ Γ1 ∪ Ycl ∪ Γ0 ∪ Y− 
 

Y+ = {(y1, y2) ∈ (0, 1)×R : y2 > f(y1)}  Γ1 = {(y1, f(y1)), y1 ∈ (0, 1)}  Ycl = {(y1, y2) ∈ (0, 1)×R :
















YI := (0, 1) × I » em¥k¥Q ¢£g¤ C∞] (R × I)
¦'& ¤¥Q¸g¤°d±¦¨¤¬¤¯¸9)ä ¢¥Q®£¾¨ ¢¥Q¸v¬¤

































































Hs] (0, 1) =
{




∣∣∣Fˆk∣∣∣2 <∞}  s ∈ R   










































∗1 Y−(y), εY (y) = ε
+1 Y+(y) + ε




















































































































































ÉOãTxßQÃûÅÒÌﬃÌÒÈ$Ä {|y2| > M} Ì¯Ð³Ç÷ÃÌ]¯Ð¢ÃIÌ¯Ð¢ßVÇ
|pk(y2)| 6 C+eδ+|k|(y2−M), y2 > M,
|pk(y2)| 6 C−eδ−|k|(y2+M), y2 < −M,












































Ψ ∈ H1],loc(Y )
ÅÇ
ψ ∈ R È$ßﬀÅSÆgÔ¢ßÌÇûÐ¢ßVÇ6Å  Ç6ÅIõÈÅ
∇ ·AY ∇Ψ = F,
ÉÓÐ³ßÌ



















y1 7−→ Ψ(y1, ·), 1 ¡ ÑãÄÃäÔ«É¢ÃÈÅ ,
Ψ −→ 0, y2 → −∞,
Ψ −→ ψ, y2 → +∞.
ÂSÅÑﬃõ ÈLÌ@õ¨ÅÒÌdÆgÔ¢ßô¢ÅÄ¢LÅßÆÖÅÒÌ
Åß






































YM = Y ∩ {|y2| < M}  3N¦'& U ¾¨¬¤v¬&   T ­ WÖU £g¤¡ W ¸¬¤ £ W  ¢¥Q® U £¡ W ¤ ¸¡ W ΓM = {y2 = M} ¤£¸¡ W











































































−4pi|k|(τ−M)dτe2pi|k|(y2−M), y2 > M,k 6= 0,
U
¾¿¥Q¸g¾ ÚO¡Q¤

































































































¸ Q : H1/2] (0, 1) −→ H−1/2] (0, 1)













































































































































• O U^W ¤¯¸£ W ¾¨®£¾¨ ¢¥F3 YM ¬& ¡¥Q¤n¸g ¢¦¿¡£¾¨ ¢¥¬¡ TW  ¢±¦ % °¤â¾¿¥¾¿£¾ U ¦$¤¯¸£¡¥Q¤â¸g ¢¦¿¡£¾¨ ¢¥d¬¤â®¯¤ TW  ¢±¦ % °¤n£ W  ¢¥QÚL¡Q­ »

























































W u ∈ H1] (YM )
£g¤¦ÚL¡Q¤















































































































































W u˙ ∈ H1] (YM )/R
£g¤¦ÚL¡Q¤
∀v˙ ∈ H1] (YM )/R, a˙(u˙, v˙) = L˙(v˙),
 


































































































































ψ = ψˆ0(M) =
∫ 1




























































































































































































































































































































































































































































































y1 7−→ Ψ0(y1, ·), 1  T ­ W ¾¨ $¬¾¨ÚO¡Q¤ ,
Ψ0 −→ 0, y2 → −∞,






















































































εcl − ε+ µ+
µcl
)





∇ ·Aξ∇wξ0 + ω2εξwξ0 = −
(
2r 2s


























































































































































































































































εcl − ε+ µ+
µcl
)





∇ ·Aξ∇vξ1 + ω2εξvξ1 = −
(
2r 2s
















































































































































































































































−ω2(εcl − ε+ µ+
µcl







∇ ·Aξ∇ucl,ξ1 + ω2εξucl,ξ1
)





























































































































∇yΨ0, ¬ U ¥Q¸ Y+,






∇yΨ0, ¬ U ¥Q¸ Ycl,
∇ · AY ∇Ψ(1)1 = −
(
2r 2s






















































1 −→ 0, y2 → −∞,
Ψ
(1)






























































1 −→ 0, y2 → −∞,
Ψ
(2)
1 −→ ψ(2)1 , y2 → +∞,



















































1 −→ 0, y2 → −∞,
Ψ
(3)










































































































































































































































































































































































uξ(x) = u0(x) + u
cl,ξ
















































































































































































































































∇ ·A∗∇U + ω2ε∗U = 0, ¬ U ¥Q¸ D−,











































































































∇yχ(y) = ∇y · 1
µY (y)






































































































y1 7−→ Ψ0(y1, ·), 1  T ­ W ¾¨ $¬¾¨ÚO¡Q¤ ,
Ψ0 −→ 0, y2 → −∞,





































































































































































































W χ1 ∈ H1] (Y )
£g¤¦ ÚL¡Q¤
















































W χ2 ∈ H1] (Y )
£g¤¦ ÚL¡Q¤

































W (Ψ, ψ) ∈
H1],loc(Y )×R
£g¤¦GÚO¡Q¤ 























y1 7−→ Ψ(y1, ·), 1  T ­ W ¾¨ L¬¾¨ÚL¡Q¤ ,
Ψ −→ 0, y2 → −∞,














































































































W ΨM ∈ H1] (YM )
£g¤¦ ÚL¡Q¤





Y+ ∪ Ycl ∪ Y−,
[ΨM ]|Γ1 = 0,
¸¡
W Γ1,















ΨM |Γ−M = 0,
¸¡
W Γ−M ,





















W ΨM ∈ H1],0(YM)
£g¤¦ÚL¡Q¤
∀v ∈ H1],0(YM ),
∫
YM
AY ∇ΨM · ∇v = −
∫
YM
Fv − ∫Γ1 g1vdσ − ∫Γ0 g0vdσ,
 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































∇ · A∇U + ω2ε−U = 0, ¬ U ¥Q¸ D−,
















(−k+2 − ∂2x12)U |γ+0
)















uinc(x) + urefl(x), x ∈ D+,














































































































































































































































α = 0, β > 0α > 0, β = 0α > 0, β = 0α = 0, β > 0
k
α > 0, β = 0
−k
α > 0, β = 0
α > 0, β > 0
α < 0, β > 0 α > 0, β < 0 α > 0, β > 0
α > 0, β < 0 α < 0, β > 0























k2 − ζ2 » Àm¾¿¥Q¸¾  ¸¾ T  ¢¡ W z 6= 0 ¬& UWØ ¡°¤¥L£ −pi2 < arg z < 3pi2

 ¢¥ ¥Q ¢£g¤
−√z := √|z|e i2 arg z  U ¦¨  W ¸ √
k2 − ζ2 = −
√























c1 = ψ1ζ + ψ2λ
+, c2 = ϕ11ζ
2 + (ϕ12 + ϕ21)ζλ
+ + ϕ22(k
+2 − ζ2)2 − ϕ3,
c˜1 = ψ1ζ + ψ2k
+θˆ2, c˜2 = ϕ11ζ






































uˆrefl(ζ, x2) = 2piRe
iλ+x2δ(ζ − k+θˆ1), x2 > 0,
uˆtrans(ζ, x2) = 2piT e
−itζx2e−iλ






















































∂2x22Uˆ(ζ, x2) + ((k
+)2 − ζ2)Uˆ (ζ, x2) = 0, x2 > 0,
∂2x22Uˆ(ζ, x2) + 2itζ∂x2Uˆ(ζ, x2) + (ω










uˆrefl(ζ, x2) = α
+(ζ)eiλ
+(ζ)x2 + β+(ζ)e−iλ
+(ζ)x2 , x2 > 0,

























































































































































































































(−1 + ic˜1)2piδ(ζ − k+θˆ1)

































































uinc(x) + urefl(x), x ∈ D+,
utrans(x), x ∈ D−,
ÐôÅÆ
urefl(x) = Re
ik+θˆR·x, x2 > 0,
Ô¼Í







utrans(x) = T e
iθT ·x, x2 < 0,
ÔÍ






































































































































∆G(·, y) + ω2ε+G(·, y) = 0, ¬ U ¥Q¸ D+,
∇ · A∇G(·, y) + ω2ε−G(·, y) = δy, ¬ U ¥Q¸ D−,















(−k+2 − ∂2x12)G(·, y)|γ+0
)





















































Gtrans(x, y), x2 > 0,




















































































































































































c1 := ψ1ζ + ψ2λ
+, c2 := ϕ11ζ
2 + (ϕ12 + ϕ21)ζλ
+ + ϕ22(k
+2 − ζ2)− ϕ3,
D := µ+λ− + λ+ − i(µ+λ−c1 + µ+c2), T := 2µ
+λ−
D





















Gˆ(ζ, x2, y) = − i
2λ−
{






























































∂2x22Gˆ(ζ, x2, y) + ((k
+)2 − ζ2)Gˆ(ζ, x2, y) = 0, x2 > 0,
∂2x22Gˆ(ζ, x2, y) + 2itζ∂x2Gˆ(ζ, x2, y) + (ω
2ε− sζ2)Gˆ(ζ, x2, y) = e−iy1ζδy2(x2), x2 < 0,
¤£=¬ ¢¥Q®
¹
Gˆ(ζ, x2, y) =

α+(ζ, y)eiλ
+(ζ)x2 + β+(ζ, y)e−iλ+(ζ)x2 , x2 > 0,
e−itζx2
(
α−>(ζ, y)eiλ−(ζ)x2 + β−>(ζ, y)e−iλ−(ζ)x2
)




−(ζ)x2 + β−<(ζ, y)e−iλ
−(ζ)x2
)









































β+(ζ, y) = 0
¤£









































)( iζGˆ(ζ, 0−, y)
∂x2Gˆ(ζ, 0−, y)
)

























































Gˆ(ζ, y2+, y)− Gˆ(ζ, y2−, y) = 0,




































1− ic1 −1 −1 0
iλ+
µ+
+ c2 −iλ− iλ− 0
0 eiλ
−y2 e−iλ−y2 −e−iλ−y2










































































Gtrans(x, y), x2 > 0,

















+x2eix1ζdζ, x2 > 0,







−|x2−y2|−y1ζ)eix1ζdζ, x2 < 0,

























































































































































































PD(ζ) := D(ζ, λ



















































ap ap−1 . . . . . . . . . a0 0 . . . 0
































0 . . . 0 ap ap−1 . . . . . . . . . a0
bq bq−1 . . . . . . b0 0 . . . . . . 0
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































c1 := ψ1ζ + ψ2λ
+, c2 := ϕ11ζ
2 + (ϕ12 + ϕ21)ζλ
+ + ϕ22(k
+2 − ζ2)− ϕ3,
D := µ+λ− + λ+ − i(µ+λ−c1 + µ+c2), T := 2µ
+λ−
D



















































−itζ(x2−y2)ei(λ−|x2−y2|−y1ζ)eix1ζdζ, x2 < 0,





−itζ(x2−y2)Re−i(λ−y2+y1ζ)e−iλ−x2eix1ζdζ, x2 < 0,











































































Gk−(x˜, y˜) = − i4H
(1)
0 (k
− |x˜− y˜|) ÅÒÌÇ.õ ÐY¯Ô¢ßÆ¯Ç÷ÃäÔ¢ß!ÉOÅnæÄÅÖÅßÌÔ¢ÄÇûÐ¢ßVÇ6ÅÉY È$ßÞSÃõ ÃäÅÈSÉOÅoßÔ¢ÞçÄgÅÉ Ô³ßÉOÅ k− 
Å¯Ç A∗ ÅÒÌÇõ¿Ð

































































































































x ∈ D− ò x2 < 0 ö»- ¥ ®¯ L  W ¬ ¢¥¥Q­¯¤¯¸ T  ¢¦ U ¾ W ¤¯¸ ( −√d(x2 + y2)











∣∣∣∣A∗(x− (1 −2t0 −1
)
y


























f := geh, g :=
R
λ−
























































































































































(θ3, ψ1, ϕ12, ϕ21)
¤¥
(−θ3,−ψ1,−ϕ12,−ϕ21) »_7 ¡¾¿££g¤F3 T  ³¸Ö¤ W (θ3, ψ1, ϕ12, ϕ21) :=














































































































u+ iv(u), u ∈ R  U ´Ó¤¯®
v(u) = − (k
− − u sin θ3)(u− k− sin θ3)
[(k− − u sin θ3)2 + (u− k− sin θ3)2 + 2 sin θ3(k− − u sin θ3)(u− k− sin θ3)]1/2
.
em¥Á¥Q ¢£g¤






















































































































































































A := {u+iτv(u), u < k− sin θ3, 0 < τ < 1}  B := {u+iτv(u), k− sin θ3 < u <
k−
sin θ3



























































































































































Res (f ; z)− 2pii
∑
z∈P∩B

























(f |− − f |+)(ζ)dζ + 2pii
∑
z∈P








f |− (ζ) = lim
z→ζ
=z<=γ˜(<z)












































































































































(k˜ − u sin θ3)
[
(u− k˜ sin θ3)2 + (k˜2 − k−2) cos2 θ3
]1/2
[









































































































α = 0, β > 0
α < 0, β > 0
α > 0, β > 0
α > 0, β = 0α > 0, β = 0α = 0, β > 0
k+
α > 0, β < 0
γ˜
α < 0, β < 0
α := <(λ+), β := =(λ+)
α < 0, β = 0














































































































































(f |− − f |+)(ζ)dζ + 2pii
∑
z∈P∩(A∪C)
Res (f ; z)− 2pii
∑
z∈P∩B




























































































A := {u + iτv(u), u < 0, 0 < τ < 1}  ¤£















k2 − ζ2), β := =(
√
k2 − ζ2)
α > 0, β = 0
−k
α > 0, β > 0
α > 0, β = 0
α > 0, β < 0α < 0, β > 0














k2 − ζ2 := −
√

























































Res (f ; z) + 2pii
∑
z∈P∩B


























































































































































































































































































































































































































































































































































sin θ3 − cos θ3 k+√
k−2−k+2


















+(1− iψ1k+), α2 := −iµ+ψ2,
α3 := α1λ











































































¾¨ ¢¥ |k+ − k− sin θ3| 6 δζ  ÃýÅß |θ3 − θ0| 6 δθ   


































































































































































































θ ∈ [θ0 − δθ, θ0 + δθ]  U ´Ó¤¯®




















θ± := θ0 ± δθ  Ø ÅﬃÑÔ²õ æß8Û¢Þ
Å
ÉOÅ~ÉOÅ³Äã Ð¢ÈÑ.õ ÈLÌ 3  P (θ) = α3θ3 + α2θ2 +
α1θ + α0 
ÔÍ 
θ−3 θ−2 θ− 1



































































































θ−3 θ−2 θ− 1





































































































































































































































































































































































































































































































































































































































































































































































































(θ1, ψ1, ϕ12, ϕ21, t, y1)
¤¥
(pi − θ1,−ψ1,−ϕ12,−ϕ21,−t,−y1) »Ü7 ¡¾¿££g¤>3 T  ³¸g¤ W







































































































































γ(u) = u+ iv(u), u ∈ R   

v(u) = − (k
+ − u cos θ1)(u− k+ cos θ1)
[(k+ − u cos θ1)2 + (u− k+ cos θ1)2 + 2 cos θ1(k+ − u cos θ1)(u− k+ cos θ1)]1/2
.
em¥v¥Q ¢£g¤



































































































































(f |+ − f |−)(ζ)dζ + 2pii
∑
z∈P
signe(=z)Res (f ; z) ,
Ð²ô¢ÅÆ





(k0 − u cos θ1)
[
(u− k0 cos θ1)2 + (k02 − k+2) sin2 θ1
]1/2













f |− (ζ) = lim z→ζ
=z>=γ˜(<z)






























































































































































































g|+ (ζ(τ))− g|− (ζ(τ))
]

























































































































































































































































































































































































































































































































































































θ ∈ (−pi2 , pi2 ) ¤£ k > 0 » em¥ T  ³¸Ö¤
hk,θ(ζ) := i
(
ζ sin θ +
√
k2 − ζ2 cos θ
)




















h′(ζ) = i(sin θ − ζ√
k2 − ζ2 cos θ), h















=⇒ ¹ L¡ TT  ³¸Ö ¢¥Q¸ h′(ζ) = 0 » :UW ¸¡ W µ¶¤¯®£¾¿´$¾¿£g­¬¤ sin ò÷®¯ ¢°!°¤4)ä ¢¥Q®£¾¨ ¢¥ ®¯ ¢° T ¦¨¤Î¤ öQ ¾¿¦¤Î¾¨¸£g¤ α ∈ C
£g¤¦ÚL¡Q¤



































k2 − ζ2 = k cos θ » h′(ζ) = 0 ®¯ ¢¥Q¬¡¾¿£ U ¦¨  W ¸#3



















































































































































































































































































































¡ ¬¤ =h ö  Î ÃxÏ  È«ÑÓÑÔÌÔ¢ßQÌ
=h(ζ) = k0,=h(ζ0). ò Ä » ² ö
ÔÍ
k0 := =h(ζ0) ÐôÅÆ ζ0 ÈÅIõ ÆgÔ³ßÜÈQÅŁ ³ Ô³ÇûÔ¢ßÌ u := <ζ  v := =ζ   È«ÑOÑÔÌÔ³ßÌ uv 6= 0    õ¿Ô¢ÄÒÌ
v = ± (k0 − u sin θ)
[
(u− k0 sin θ)2 + (k02 − k2) cos2 θ
]1/2











γ(u) = u + iv(u), u ∈ R Ð²ôÅÆ v(u) ôãÄÃ nÐ¢ßVÇkò Ä » ¡ ö  ÔÍ k0 ∈ R∗ 
  õ¿Ô¢ÄÒÌ
γ
















(u− k0 sin θ)
[
(k0 − u sin θ)2 − v2 cos2 θ
]
v
(k0 − u sin θ)2
[
(u− k0 sin θ)2 + (k02 − k2) cos2 θ
] − v sin θ









k2 − ζ2 ¤£ β := =
√











k2 − ζ22 = k2 − ζ2 ­¯ÚL¡¾¿´ U ¡£(3 α2 − β2 + 2iαβ = k2 − u2 + v2 − 2iuv  ÃﬁÅŁ¹










(k0 − u sin θ)2 + (u cos θ)2
]














β(u) := − u cos θk0−u sin θv(u)

¤£

















k0 − u sin θ = 0  W ¤¯¸ T » β(u) = 0 ö» $â ¢°!°¤¹
• (α(u) + iβ(u))2 = k2 − γ(u)2 T  ¢¡ W k0 − u sin θ 6= 0 ¤£ β(u) 6= 0 _
• ¦¨¤¯¸S¸¾ Ø ¥Q¤¯¸d¬¤ α(u) ¤£ β(u) ¸g ¢¥L£d¾¨¬¤¥L£¾¨ÚO¡Q¤¯¸ U ¡Î¸¾ Ø ¥Q¤¯¸S¬¤¯¸ TVUW £¾¨¤¯¸ W ­¯¤¦¿¦¨¤¯¸¤£§¾¿° UØ ¾¿¥ U ¾ W ¤¯¸¬¤√
k2 − γ(u)2 _






k2 − γ(u)2 = α(u) + iβ(u) » Ù ¾¿¥ U ¦¨¤°¤¥O£ 
=h(γ(u)) = u sin θ + α(u) cos θ = k0.
å]§^ÊÊÁ§â¿_x8
âß@Ì¯Å ÉÓÔ¢ßQßÅ È$ßﬀÅ ÆÖÔ¢ÈLÄŁgÅ
Î
ÌÒÈ7ÌÐ¢ÞÞ
ÅßVÇÚõ ÃIÌÒÌ¯Å`ÏÉOÅÁßQÃôÅÐ¢È@ÉOÅ =h ÉOÅÁÇ÷æÒÑÅÑÄgãÆÖãÉLÅßVÇ


















 ζ0 = u0


























u 7−→ h(γ(u))−h(ζ0) ¸H& U ¥¥O¡¦¨¤Z¤¥ u = u0  ¤£â¸ U ¬­ W ¾¿´Ó­¯¤=¥Q¤=¸H& U ¥¥L¡¦¨¤
TVU
¸¸¡
W u < u0

¥¾¸¡













































h(γ(u)) − h(ζ0) = −v(u)
[
sin θ − u cos θ
k0 − u sin θ
]


































¡/¬¤ =(h) TVU ¸g¸ U ¥O£ TVUW ¦¨¤ T  ¢¾¿¥O£ ζ0 ¤£¸¡ W
¦
U






































k0 = k 
Ð²õ¿Ô¢ÄÒÌSÅß






































































































































































































(1− iC1)µ+Z + Y − iµ+C2 = 0,
Y 2 − (k+2 −X2) = 0,





C1 := ψ1X + ψ2Y

C2 := ϕ11X
2 + (ϕ12 + ϕ21)XY + ϕ22Y

































































































































































































∣∣∣δ T (z+δ)λ−(z+δ) ∣∣∣ < M,  










































T (z + δ)
λ−(z + δ)






















































































































































































































































































































































































































































































































































































































































































































































































































∇ · A∇U + ω2ε∗U = 0, ¬ U ¥Q¸ D−,





































































































































































































































































































































































W x ∈ ∂D  νx ¬­¯¸¾ Ø ¥Q¤¦ U ¥Q  W ° U ¦¨¤§¡¥¾¿£ U ¾ W ¤¤Î£g­ W ¾¨¤¡ W ¤>3 D ¤¥ x  ¤£= ¢¥ T  ³¸g¤!¹









































































































































































































U + Sϕ ÉOÐ¢ßÌ D+ ∪ (D− \D),
SDψ ÉÓÐ¢ßÌ D,
ÔÍdõ¿ÅSÆgÔ¢ÈzÑﬃõ¨Å
(ϕ,ψ) ∈ L2(∂D)× L2(∂D) ÅÒÌÇ]õJ ÈLßQÃÈQÅÌÔ²õ È$Ç÷ÃäÔ¢ß4É¢ÈvÌæÌÇ6ËÞ
Å§ÉY ãÊ¯ÈÐ³Ç÷ÃäÔ¢ßÌdÃßVÇ6ãý¢Ä¶Ðõ¿ÅÒÌ [ SD −S
1
µD


























































































































































(ϕ,ψ) ∈ H−1/2(∂D)×H−1/2(∂D) Ç6ÅQõYÈQÅ
ÑÔ¢ÈLÄSÇûÔ¢ÈÇ
(v, w) ∈ H−1/2(∂D)×H1/2(∂D) { 〈SDψ, v〉 − 〈Sϕ, v〉 = 〈U, v〉 ,〈
1
µD
(− I2 +K∗D)(ψ), w
〉



























































































































































































































































































g˜(t, s)dsdt ≈ 1
4
[g˜(x0, x0) + g˜(x0, x1) + g˜(x1, x0) + g˜(x1, x1)] .
å]§^ÊÊÁ§Ü¯¬¦?
Ô¢ÃûÅßVÇ











































































































1 (κ |x− y|)
x− y

























cos θ − sin θ






















































ν ∈ R2 » em¥Á¥Q ¢£g¤
Iκ(a, b, c, d) :=
1






Jκ(a, b, c, d, ν) :=
1













c 6= d ¬ U ¥Q¸ R2 » em¥ T  ³¸g¤

















Iκ(a, b, c, d)


























































Iκ(a, b, c, d)
¤£






























x /∈ [c, d]  Kκ(x, c, d) ¤¯¸£¡¥Q¤n¾¿¥O£g­ Ø³WÖU ¦¨¤b¬& ¡¥Q¤])÷ ¢¥Q®£¾¨ ¢¥¥Q ¢¥¸¾¿¥ Ø ¡¦¿¾ %W ¤  ¤£¸& ­´ U ¦¿¡Q¤â¬ ¢¥Q® TVUW ÚL¡ U ¬ WÖU £¡ W ¤ »
Ü@|0}ê]}{}ﬃz 8Þ¿_c
Ô¢ÃäÅßVÇ
a 6= b ÅÇ c 6= d ÉÓÐ³ßÌ R2 Ç6ÅQõ ÌbÈQÅ(õ¿ÅÌbÌ¯Å¢Þ
ÅßÇﬁÌ [a, b] ÅÇ [c, d] Ì¯Ô¢ÃäÅßVÇÉ³ÃIÌﬁåÔ¢ÃﬁßVÇﬁÌŁ
  õ¿Ô¢ÄÒÌ
Iκ(a, b, c, d)
ÅÇ





























Iκ(a, b, c, d)
¤£


































































































































Gκ(x, y) ≈ 1
2pi
































































= (d− x) · τ log |d− x| − (c− x) · τ log |c− x| − |d− c|+ β |(c− x) · n|
Ð²ô¢ÅÆ
τ := d−c|d−c|  n := Rpi/2(τ) 
ÅÇ
β(x) := arccos (d−x)·(c−x)|d−x||c−x| ∈ [0, pi] Î
ÑÔ³ÈLÄ
x ∈ {c, d}  Ô¢ß/ÅÞmÑﬃõ¿Ô¢ÃäÅUõ Ð
ÆgÔ³ßôÅßVÇ÷ÃäÔ¢ß



















































c 6= d  [c, d] ÅÒÌÇ ÑQÅÇ÷ÃﬁÇ6Å>õ¿Ô¢ßº¢ÈQÅÈ$ÄÅÇ x ∈ [c, d]    õ¿Ô¢ÄÒÌ







































a 6= b ÅÇ c 6= d ÉÓÐ³ßÌ R2 Ç6ÅQõ ÌÈQÅ õ¨ÅÒÌoÌ«Å¢Þ




ÅÇnÉOÅbÑÅ¯Ç÷ÃﬁÇ6Å*õ¿Ô¢ßº¢ÈQÅÈ$Ä£   õ Ô¢ÄÒÌ


















a 6= b ÉOÐ¢ßÌ R2 \ ß4ÐﬃÑÔ³ÈLÄ x ÅÇ y ÑÄÔ«ÆÊÅÌ
∇xGκ(x, y) ≈ 1
2pi |x− y|
x− y
|x− y| + ϕ
′(|x− y|) x− y|x− y|
ÐôÅÆ




1− 2(γ − log 2− ipi
2










































a 6= b ÉOÐ¢ßÌ R2    õ¿Ô¢ÄÒÌ






|x− y| · νa→bdσ(y)
= −β(x)
2pi
signe((a− x) · νa→b)
ÐôÅÆ



























x, a, b ∈ R2 ÉOÅÈ Ý  ÉLÅÈ Ý É³ÃIÌÇ÷ÃßÆ«ÇﬁÌ£   õ Ô³ÄÖÌ

































|x− y| · τa→bdσ(y)dσ(x) =
∫
[c,d]




















a 6= b ÅÇ c 6= d ÉÓÐ³ßÌ R2 Ç6ÅQõ ÌÈQÅ õ¨ÅÒÌoÌ«Å¢Þ























|b− a|ga,b(x)dσ(x) + ν2
fc,d(b)− fc,d(a)

































































Gtrans(x, y), x2 > 0,










































































































ν ∈ R2 » em¥Á¥Q ¢£g¤
I(a, b, c, d) :=
1






J(a, b, c, d, ν) :=
1








∂νG(x, y) = ∇xG(x, y) · ν »
³
Ô³ÇûÐ³Ç÷ÃäÔ¢ß8$ ¢¾¨¤¥O£
x ∈ R2 ¤£ c 6= d ¬ U ¥Q¸ D− » em¥ T  ³¸g¤

































(x˜, y˜) = (A∗x,A∗y) T  ¢¡ W ¦¨¤¦¨¤°!°¤ ö ¹
Ü@|0}ê]}{}ﬃz!Üx8
Ô¢ÃûÅßVÇ
x ∈ D− ÅÇ c 6= d ÉOÐ¢ßÌ D−    õ Ô³ÄÖÌ

















a 6= b ÅÇ c 6= d ÉOÐ¢ßÌ D−    õ¿Ô¢ÄÖÌﬂ
1


















a 6= b ÅÇ c 6= d ÉÓÐ¢ßÌ D− Ç6ÅQõ ÌÈQÅﬂõ¨ÅÒÌvÌ¯Å³ÞÅßVÇﬁÌ [a, b] ÅÇ [c, d] Ì¯Ô¢ÃäÅßVÇ





ν ∈ R2    õ¿Ô¢ÄÖÌ










































x ∈ D+ ÅÇ c 6= d ÉOÐ¢ßÌ D−    õ Ô³ÄÖÌ



































































































































































































































W x ∈]xi, xi+1[  ∂νNx ∗ (x, y) := ∇x ∗ (x, y) · νNx
¤£
∂νNA




























































































































































































〈SNPi, Pj〉 = −I(xj, xj+1, xi, xi+1),
♦ji =





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































y(0,−50) ¸¡ W ¦ U Ù ¾ Ø ¡ W ¤9« » ¡ » O ¤¯¸d£g¤ W °¤¯¸S¬¤ W ­Q£V¤Î¾¨ ¢¥K¤£d¬¤

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ô õhöø÷úùQûhü õ ýþÂß iùQõ
 	




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































uinc(η, x) = e
ik0η·x 5,GÍS ¾ `   eS * º±



































R2 \ D ¿ u[D](η, x)  *«  ³* QÀ`« *¾<¾ SÓQº±
SuQ ¾ u¨ ¾ Q`   uinc(η, x) ¿æ  Qº±
SuQÉ ¾ ÎÀ  ¨  





Gκ(x, y) := − i4H
(1)

















































































































uinc(η, x) + SD,k0 [ϕD](x), x ∈ R2 \D,





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Γ0 : x2 = γ0

























































































































































































































































































































































































































































































































































































































































































































































































































































































âSã äæåGç¢èµéêæë®ì-hEìQîmÄîíGêæåïkj ìºjmï é ð¡Åìµë¢ó¡éï½ðj¢é ë®ì¢äMêæì




















































































































































































































































































































































































































pη/ |pη| = −η
j
xε(t) = pη +
pη





















7 ∇ϕε = ∇|x| * QOe Ì S











































































































































































































































































xη = z +
γ1−z2
η2














































































































































































































































































































































































































































äæåGç¢èµéêæë®ì-hEìQîmÄîíGêæåïkj ìºjmï é ð¡Åìµë¢ó¡éï½ðj¢é ë®ì¢äMêæì


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































f0(x) := ∇|x| ¿Q  f1 := −2∇ sin(θ/2) ¿uQ * S   · u



















































hEìQî ç»îÆêæë®ç¢ðßó¡èGï½ëÕênóæòÇë ñ­ìIóÆäæç¢ë®ç¹äMêwí ë®é«ó²êæéVú¸òæìIó ã!¿
divf0(x) =
1
|x| , divf1(x) =
|f1(x)|2
2 sin(θ(x)/2)
− x · η

















































































x˙ε(p, t) = ∇ϕε(xε(p, t)), |t| < T,








































































































































































































































































































































x˙ε = ∇ϕε(xε) * ±  ¨` ¾< f





































































x˙1 = Px1 + q,
x1(0) = 0,
@e­
















































































































































1&O+HÜJA[ BQH OP@;<¼<±H :¡H
T
Y1QF\Q:=<½Y9@ªYXDQ35±Hkj








|p| t, x1(t) = tf1(p).
?´ ðGÌ µ&¶¥ªq·3¥=¥¨ﬂ¥9¢Í«¯;à®° ·3«N¨¹ª¶ ¼¶ª4»C° £­¬Z»¼­õ·N¨
mon
>pI/qsrptvuwLONxPQLpP








)1/2 1 + ε





















































(∇divf0(x0) · x1 + divf1(x0))
]





















































































































































































(p, x, t) = (pη, xη, tη)
¿








































ãÐá äæåGç¢èµéêæë®ì-hEìQîmÄîíGêæåïkj ìºjmï é ð¡Åìµë¢ó¡éï½ðj¢é ë®ì¢äMêæì
Chapitre 13
Õ




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































y ∈ R2 \D ¿ G[D](·, y) À` 3* ®  ¨SÀ * ` * S * Qu Ä S«¹Q ¤¾ S ¾  `£   e    e £ u
¯































































































MD(z)∇u[D](η, z) · ∇zG[D](x, z)












νD(x)⊗ νD(x) + τD(x)⊗ τD(x)
)










































































h ∈ C 1(∂D) Q uS«¹ ¾< Ð¿  eS *





MD(z)∇u[D](η, z) · ∇zG[D](x, z)
+ ω2(ε∗ − ε0)µ0u[D](η, z)G[D](x, z)
]




















































































































































D 7−→ udif [D]−B[D∗] 


































































































D 7−→ udif [D] 















































































































































































































































• Ïg    ¡fu *¾  ¤¾ S D0 Q D∗ ¿  S    u¨ η > 0 ¿vuS¹Q¹  Ã ¾ iQ ²± ¾<  ¤¾ S * n ¿v C* δ > 0 5





∂Dk+1 := (I + δhkνk)(∂Dk)
5



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































r0 = 7, 8, 9
5


























































x0 = 1, 3, 6.5
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σ = 0%, 5%, 10%, 15%






































































κµ = 100, 10, 1.11
5







































































<Mi := <Mi(1 + ni), Ê ¨ ni Quß Ê  ¾+*Ø¤¾ SÑQß  e ¾ uS«  e N (0, σ2),








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































• Ï *   ¨Í ¾ Q!5IÖ× * ± ¤£³¾< vmQSQe`Ñ   * º±










• Ëæ  ¦   ¾ à ¾e· u!5QÖ> * ± ¤£³¾< v§¡Q`eßQ¢  §   ¾ ¡ ¾e· uÐ¿ · u º±






















































• Ëæ ¾  Ü* SQ¨   * º±
 *   ¨» ¾ Q!5²Ö> * ± ¤£³¾< vhQSQe`²± QhÀ ¾  n* SQ¨   * º±


























































































































































































































































































































































































• ,G ¾  ¾+*Ø¤¾ S[5´¼½ « ¸ ` ³uàQ» I* S  QtQSQe`²±





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































R2 \ D ¿ u[D](η, x)  *«  ³* QÀ`« *¾<¾ SÓQº±
SuQ ¾ u¨ ¾ Q`   uinc(η, x) ¿æ  Qº±
SuQÉ ¾ ÎÀ  ¨  


















































































































































































































































































































































































n (k0r) + α˜nH
(2)


























































α˜n − 12 = 0
5
































n (k∗r) + β˜nH
(2)

















uˆn(r)− (βn − β˜n)2ipi log r
¿




















































































































































inθ, r > 1,∑
































¯ |n| 6 k∗r + 5 5
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